1. Introduction {#sec1-ijerph-15-00928}
===============

In 2016, suicide was the leading cause of death among all people aged 18--44 and the second leading cause of death for those aged 45--54 in Australia \[[@B1-ijerph-15-00928]\]. The rates of males dying from intentional self-harm are three times greater than those for females and those people living in remote and very remote Australia are 1.7 times more likely to die by suicide \[[@B2-ijerph-15-00928]\]. Current research suggests that the need to further understand suicide behaviour is critical for the health and future of rural communities in Australia.

About 30% of the Australian population live outside of major cities \[[@B3-ijerph-15-00928]\]. Regional and rural Australia is frequently faced with challenges impacting the social, economic, and health-related aspects of its communities. Environmental challenges including extreme weather events, particularly drought, have broad implications on agriculture, family businesses, community prosperity and the mental health and wellbeing of community members \[[@B4-ijerph-15-00928]\]. Causative links between these environmental factors and health outcomes can be challenging to measure as these phenomena are naturally occurring and often unpredictable. Nevertheless, there are indicators that highlight the differences between health care in rural Australia compared to metropolitan areas. Health service availability is limited, service access and use for those in rural towns is less than their city counterparts, and then there are also individual characteristics that highlight the need for a different public health approach for those in regional and rural Australia. For example, the quality of stoicism remains strong, as does community stigma around mental health and wellbeing \[[@B5-ijerph-15-00928]\]. Those in rural and remote areas also have higher access to lethal means, and lower access to emergency services, meaning that suicide attempts are often more likely to be fatal than in urban areas \[[@B6-ijerph-15-00928]\]. Understanding the contextual factors connected to rural people's health and wellbeing is the current challenge faced by those engaged in research, policy and health service delivery for rural Australia.

Factors associated with suicidal behaviours vary greatly depending on a range of socio-cultural and biological factors. Risk factors have, in particular, been found to vary according to sex differences. The Lundby cohort study found that being male and having a history of depression increased the long-term risk of suicide \[[@B7-ijerph-15-00928]\]. Payne, Swami and Stanistreet \[[@B8-ijerph-15-00928]\] examined gender differences in suicide behaviours and outcomes. They attribute higher rates of completed suicide amongst males, and higher rates of deliberate self-harm amongst females, to the socially constructed, dichotomous roles performed by men and women. Examples include the expectation that men are strong and less likely to access help, and for women the higher likelihood of accessing medical help and access to non-lethal means.

One of the major risk factors for suicide is previous diagnosis of a mental illness, particularly depression \[[@B9-ijerph-15-00928],[@B10-ijerph-15-00928]\]. While depression is perhaps the strongest indicator of suicide risk, it lacks specificity; about 15% of Australians will experience major depression across their lifetime, however the majority of these people will not engage in suicidal behaviours or die by suicide. Considering the multitude of research showing an association between depression and suicide, it is logical to target suicide prevention strategies towards those experiencing depression. However, strategies to better identify individuals within this population who may be at increased likelihood of suicidal thoughts and behaviours would be beneficial. As is typically the case, the largely exploratory analyses reported in this paper utilized only a limited set of predictors (e.g., socio-demographic characteristics, depression history and severity, comorbid mental illness, and help-seeking). Other potential predictors of suicidality identified in the literature, but not assessed in the current study, include: hopelessness \[[@B11-ijerph-15-00928]\], insomnia \[[@B12-ijerph-15-00928]\], previous suicide attempts \[[@B13-ijerph-15-00928]\], aggression and impulsivity \[[@B14-ijerph-15-00928]\], and losing a family member to suicide \[[@B15-ijerph-15-00928]\].

Using a sample of rural community-dwelling adults (selected based on their psychological distress scores, as described below), this paper aims to explore the relationship between depression and suicidal thoughts and behaviours, with a focus on lifetime history, specifically individual and diagnostic characteristics that may improve the prediction of suicidal ideation and suicide attempt. Considering the observed differences between males and females, this paper focused on analyses stratified by gender to identify relevant predictors for each of these groups. Based on previous research, it is anticipated that the pattern of predictors will differ by gender, with females demonstrating higher rates of non-fatal suicidality.

2. Materials and Methods {#sec2-ijerph-15-00928}
========================

2.1. Participants {#sec2dot1-ijerph-15-00928}
-----------------

Data were obtained from the Australian Rural Mental Health Study (ARMHS), a longitudinal population study of mental health in rural and remote communities that has been described in detail previously \[[@B16-ijerph-15-00928]\]. Participants were selected randomly from the electoral roll, and completed a postal survey at baseline (2007--2009), as well as a follow-up survey at 1, 3 and 5 years post-baseline (2008--2013). The participants included in the current analysis comprised a stratified subsample who completed the World Mental Health Composite International Diagnostic Interview version 3.0 (WMH-CIDI-3.0) \[[@B17-ijerph-15-00928]\], which was conducted at baseline and the 3- and 5-year follow-up. Participants were selected for this interview according to their psychological distress scores. After completing a paper-based version of the K10 psychological distress scale \[[@B18-ijerph-15-00928]\] as part of the ARMHS postal survey, interviews were offered at baseline to 100% of those with high distress (a K10 score of 25+), 75% of those with moderate distress (scoring 16--24), and one-sixth of those with low distress (scoring 10--15). It was anticipated that this formula would result in interviews being completed by approximately equal numbers of participants in each of the psychological distress categories. At the five-year follow-up, interviews were offered to those meeting this same criteria, as well as those who completed an interview at baseline (regardless of their current level of distress).

During the WMH-CIDI-3.0, participants answer an initial screener section in which they are asked about lifetime symptoms of depression, including whether they have ever experienced any of the following for several days or longer: feeling sad, empty or depressed, feeling very discouraged about life, and losing interest in things you usually enjoy. The current analysis includes participants who answered positively to at least one of these symptoms.

ARMHS was approved by the Human Research Ethics Committees of the Universities of Newcastle (reference: H-145-1105a) and Sydney (reference: 13,069), and the relevant Area Health Services. All participants provided written informed consent at the time of the postal survey, and re-confirmed their consent orally over the telephone before completing the WMH-CIDI-3.0.

2.2. Measures {#sec2dot2-ijerph-15-00928}
-------------

Participants completed a telephone-administered version of the WHM-CIDI-3.0. The WMH-CIDI-3.0 has been shown to have excellent inter-rater reliability, and good validity and test-retest reliability, and is an acceptable method with which to determine lifetime diagnoses using both face-to-face and telephone delivery \[[@B19-ijerph-15-00928],[@B20-ijerph-15-00928],[@B21-ijerph-15-00928]\]. It has previously been validated in an Australian rural population \[[@B22-ijerph-15-00928]\]. The WHM-CIDI-3.0 is a standardised diagnostic interview used to assess the presence of a range of mental disorders according to both Diagnostic and Statistical Manual (DSM-IV) and International Classification of Diseases (ICD-10) criteria. The following lifetime modules were completed: suicidal ideation and attempts; unipolar and bipolar major depression, dysthymia and minor depression ("affective disorder"); post-traumatic stress disorder, generalised anxiety disorder, social phobia, agoraphobia, panic attack and panic disorder ("anxiety disorder"); and alcohol or drug abuse or dependence ("substance use disorder").

2.3. Statistical Analysis {#sec2dot3-ijerph-15-00928}
-------------------------

Diagnoses of psychiatric disorder were calculated according to the WMH-CIDI diagnostic algorithms using SAS 9.2 (SAS Institute Inc., Cary, NC, USA). Data were analysed using SPSS (version 24; SPSS, Armonk, NY, USA) and Stata (release 11; StataCorp. LP, College Station, TX, USA).

Using lifetime suicidal ideation and lifetime suicide attempt as the two outcome measures, logistic regressions were performed to explore the relationship between depression severity and suicidality for females and males, as well as exploring a range of related characteristics. The performance of these models was evaluated by Receiver Operating Characteristic (ROC) curves; ROC curves graph the true positive rate against the false positive rate for the different possible values of a prediction model. The overall performance of a ROC curve is evaluated by the Area Under the Curve (AUC). The AUC measures the model's ability to correctly discriminate between two groups (e.g., those with suicidal ideation and those without), with a higher AUC indicating a better performing model. An AUC of 0.50 represents a chance-level association, while an AUC of 1.00 represents perfect discrimination. Statistical comparisons were made between depression-only and expanded models, to determine whether the inclusion of additional characteristics resulted in more accurate prediction of suicidal ideation and attempt.

3. Results {#sec3-ijerph-15-00928}
==========

Over the three study waves, 1051 diagnostic interviews were completed. Of these, 364 reported lifetime symptoms of depression, and were included in the present analysis (225 baseline surveys, 139 follow-up surveys). Respondents were predominantly female (68.10%), with an average age of 53.59 years (range 18--91). Approximately half (47.84%) of these also reported lifetime suicidal ideation, while 15.85% reported a lifetime suicide attempt. The sample characteristics are shown in [Table 1](#ijerph-15-00928-t001){ref-type="table"}.

3.1. Suicidal Ideation {#sec3dot1-ijerph-15-00928}
----------------------

Overall, 254 participants reported experiencing lifetime suicidal ideation (160 females, 94 males). The average number of depression symptoms was 5.99 ± 1.62 overall, and was significantly higher among those with a history of suicidal ideation (6.37 ± 1.47 vs. 5.64 ± 1.64; F~(1,\ 346)~ = 19.03, *p* \< 0.001). As shown in [Table 2](#ijerph-15-00928-t002){ref-type="table"}, the severity of depression was a significant predictor for both females and males, with each additional depression symptom increasing the odds of suicidal ideation by 44% for females and 28% for males.

However, the ROC analysis showed that, while this effect is statistically significant, its performance as a predictor is limited, producing only moderate AUCs (see [Figure 1](#ijerph-15-00928-f001){ref-type="fig"}; females AUC = 0.67, 95% CI 0.58--0.71; males AUC = 0.59, 95% CI 0.47--0.71).

When additional individual and diagnostic characteristics were added into the model, clear differences were observed in the results for males and females. No factors significantly predicted suicidal ideation for males, while among females suicidal ideation was predicted by higher severity of depression, as well as younger age of onset of depression. However, the ROC analyses showed that the predictive value of these models was still limited, resulting in only a small, non-significant improvement over the depression-only models (females AUC = 0.71, 95% CI 0.63--0.78; males AUC = 0.65, 95% CI 0.53--0.77).

3.2. Suicide Attempt {#sec3dot2-ijerph-15-00928}
--------------------

Overall, 76 participants reported a lifetime suicide attempt (52 females, 24 males). The average number of depression symptoms was significantly higher among those with a history of a suicide attempt (6.84 ± 1.24 vs. 6.14 ± 1.53; F~(1,\ 165)~ = 8.47, *p* = 0.004). For both males and females, severity of depression was a significant univariate predictor of suicide attempt (see [Table 3](#ijerph-15-00928-t003){ref-type="table"}), with each additional symptom increasing the odds of a suicide attempt by 65% for males and 78% for females. The performance of these models was modest (see [Figure 2](#ijerph-15-00928-f002){ref-type="fig"}; females AUC = 0.75, 95% CI 0.66--0.83; males AUC = 0.60, 95% CI 0.44--0.75).

When the additional factors were added into the model, no significant predictors of suicide attempt were observed for males. Similar to the model for suicidal ideation, the odds of a suicide attempt among females were increased among those with higher severity of depression, a younger age of onset of depression, and a higher number of comorbidities. While the expanded model did not improve prediction of the outcome for males (AUC = 0.69, 95% CI 0.53--0.84), for females the model was significantly improved by the inclusion of the additional factors (AUC = 0.89, 95% CI 0.84--0.94; χ^2^~(1)~ = 20.90, *p* \< 0.001).

The findings regarding comorbidities were further explored in [Table 4](#ijerph-15-00928-t004){ref-type="table"}. While there was no significant relationship for males between suicide attempt and the number or type of comorbidities, for females several interesting relationships were observed. Over 85% of suicide attempts occurred among females with at least one lifetime comorbidity in addition to depression. In 80% of cases, a lifetime anxiety disorder was reported. Females were significantly more likely to report a lifetime suicide attempt in the presence of a lifetime anxiety disorder, or lifetime anxiety and substance use disorder, compared with a substance use disorder only, or no comorbidities (χ^2^~(3)~ = 66.53, *p* \< 0.001).

4. Discussion {#sec4-ijerph-15-00928}
=============

The findings of this paper have highlighted that, not surprisingly, suicidal behaviours are complex and involve an interplay of clinical, social and individual characteristics. Particularly in rural settings where access to specialised mental health clinicians is limited, understanding contextual and broader aspects of a predictive model may prove vital for suicide prevention. For example, the predictive models for both males and females show that depression is significantly linked to suicidal ideation and attempt, but for females other factors such as age of onset, anxiety, and substance use contribute to a stronger model than depression alone. On the other hand, in males, the complexity continues; other than depression, no factors in the model significantly predicted suicidal ideation or attempt. This lack of significant findings is problematic for the prediction of suicidal thoughts and behaviours among males, and the identification of significant risk factors is vital to reducing suicide rates in this group. Further research with males is needed to better develop this model, however, the results suggest that it is possible that males are more impulsive and spontaneous in their suicidal behaviours than females. Having this understanding of predictive models of suicide for community dwelling rural Australians has the potential to assist in the development of early intervention programs and suicide prevention public health activities. To be able to target the specific populations at risk, and the particular characteristics that expose vulnerability, means that intervention efforts can be tailored to reach such at-risk groups. In rural areas, where there is often a shortage of psychological services, this may mean the development of specific rural-focused resources, such as e-health or other internet-delivered interventions, to assist with the treatment and support of individuals who show increased risk for suicidal behaviours.

4.1. The Relationship between Depression and Suicide Risk {#sec4dot1-ijerph-15-00928}
---------------------------------------------------------

This study reinforces research evidence that suggests previous mental illness, particularly depression, is associated with a higher risk of suicide \[[@B9-ijerph-15-00928],[@B10-ijerph-15-00928]\]. History of suicidal ideation and suicide attempt were both associated with previous experience of depression and this association was stronger when depression was more severe. However, a number of additional factors such as gender and age of onset were also significant. The modelling highlights the complexity of the relationship between suicide risk and depression, the importance of recognising that depression and suicide are not analogous, and the fact that other factors are also important to consider when modelling risk. This is a particularly relevant finding considering that in Australia suicide rates are consistently higher in rural than urban areas, despite there being no notable difference in the prevalence of depression \[[@B23-ijerph-15-00928]\]. This suggests that a range of additional factors are likely to contribute to the relationship between depression and suicide risk in this population. Clinical interventions that target additional factors identified in previous research, such as hopelessness, insomnia, and impulsivity, may be beneficial for future research and practice.

4.2. Different Risk Factors for Males and Females {#sec4dot2-ijerph-15-00928}
-------------------------------------------------

In accordance with international evidence, this study illustrates that the risk factors for suicide ideation and suicide attempt vary greatly between males and females \[[@B7-ijerph-15-00928],[@B8-ijerph-15-00928],[@B24-ijerph-15-00928],[@B25-ijerph-15-00928]\]. For females, previous experience of depression was a useful predictor of suicide ideation and suicide attempt. A risk model that considers depression, alongside additional factors such as higher severity of depression, a younger age of onset of depression, and a higher number of comorbidities, particularly anxiety, may be useful in recognising suicide risk amongst females. However, for males, while there were associations between depression symptoms and suicide ideation and suicide attempt, when other factors were considered the associations were seen to be weak and this model is less likely to have value in predicting suicide risk.

This suggests that the factors and contexts that shape male suicide are in general different to those for females. This may be related to the fact that male suicidal behaviours tend to be more impulsive, with less opportunity to identify or respond to risk factors before the behaviour is undertaken \[[@B6-ijerph-15-00928]\]. Considering that, in Australia, male suicide fatality rates are three times higher than those for females \[[@B1-ijerph-15-00928]\], further research to identify early risk factors for males is vital.

4.3. Importance of Early Intervention {#sec4dot3-ijerph-15-00928}
-------------------------------------

While this study illustrates the complexities of a predictive modelling approach to suicide risk, it does reveal important relationships between risk factors that can help shape approaches to suicide prevention and treatment. It builds on international evidence that proposes improved risk modelling could play an important role in prevention, treatment and early intervention for people at risk of suicide \[[@B26-ijerph-15-00928]\]. This approach also highlights the complexities of suicide and suicide ideation, predicting such behaviour is not straightforward and goes beyond any previous diagnoses of mental illness \[[@B22-ijerph-15-00928]\]. Therefore, intervention not only needs to be early but also needs to be multifaceted, targeting gender, age, and social aspects of one's life. In rural areas where specialist services are limited, this may involve a collaborative approach from both general practitioners, as well as relevant local social and community groups, to ensure positive community engagement as a component of the prevention or treatment of mental illness. Previous Australian research has identified a relationship between strong social support and a reduced likelihood of depression, and intervention studies that target the quality of social support as a depression prevention approach have been recommended \[[@B27-ijerph-15-00928]\].

4.4. Limitations {#sec4dot4-ijerph-15-00928}
----------------

This paper has several limitations. Firstly, due to suicidal thoughts and behaviours being low prevalence events, we were only able to look at lifetime reports rather than more recent occurrences. As a result, it is not possible to ascertain whether depression preceded suicidal thoughts and behaviours, or vice versa. In addition, our data were self-reported, and may therefore be affected by inaccuracies including recall bias. Participants may also have felt uncomfortable discussing suicidal thoughts and behaviours, and chosen not to disclose them. Suicide attempts among males are much more likely to result in fatality than among females, so it is possible that the survivor cohort in the present paper does not represent a "typical" male who engages in suicidal behaviours, and our failure to identify significant predictors for suicidality among males may be reflective of this. Although our analyses were stratified by gender, we did not have sufficient power to explore interaction effects.

5. Conclusions {#sec5-ijerph-15-00928}
==============

While depression is highly correlated with suicidal thoughts and behaviours, our findings suggest that among those with lifetime depressive symptoms, the severity of depression has limited predictive value, and exploring other individual and contextual factors may improve the identification of those at risk of suicidal acts. Further research focusing specifically on males is necessary to identify early warning signs for suicidal behaviours among this group. These may include factors such as hopelessness, insomnia, aggression, and a history of repeated suicidal behaviours.
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ijerph-15-00928-t001_Table 1

###### 

Sample characteristics.

  Characteristic                    Females (*n* = 247)   Males (*n* = 117)
  --------------------------------- --------------------- -------------------
  Age                               53.03 (13.01)         55.13 (11.36)
  Age of depression onset           28.66 (14.68)         28.18 (14.27)
  Number of depression symptoms     6.10 (1.53)           5.85 (1.69)
                                    \% (*n*)              
  Help-seeking for depression       87.1 (195)            81.7 (85)
  Lifetime anxiety disorder         68.0 (168)            56.4 (66)
  Lifetime substance use disorder   27.1 (67)             48.7 (57)
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###### 

Regression for suicidal ideation.

  Model     Predictor                 Females (*n* = 247)   Males (*n* = 117)          
  --------- ------------------------- --------------------- ------------------- ------ ---------------
  Model 1   Depression severity       1.44                  1.19--1.74 \*\*     1.28   1.01--1.61 \*
  Model 2   Depression severity       1.42                  1.11--1.80 \*\*     1.13   0.82--1.56
            Age                       1.00                  0.98--1.03          0.99   0.95--1.03
            Age of depression onset   0.97                  0.95--0.99 \*       1.00   0.97--1.04
            Comorbidities             1.30                  0.82--2.08          1.73   0.90--3.23
            Previous help-seeking                                                      
            No                        1.00                  \-                  1.00   \-
            Yes                       1.10                  0.42--2.93          1.68   0.50--5.60

Note: \* *p* \< 0.05, \*\* *p* \< 0.01. Model also controls for study wave.
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###### 

Regression for suicide attempt.

  Model     Predictor                 Females (*n* = 247)   Males (*n* = 117)          
  --------- ------------------------- --------------------- ------------------- ------ ---------------
  Model 1   Depression severity       1.78                  1.29--2.45 \*\*     1.65   1.07--2.54 \*
  Model 2   Depression severity       1.94                  1.25--3.00 \*\*     1.36   0.83--2.23
            Age                       0.99                  0.96--1.03          0.97   0.91--1.02
            Age of depression onset   0.92                  0.88--0.97 \*\*     1.00   0.95--1.05
            Comorbidities             3.78                  1.74--8.18 \*\*     0.64   0.27--1.53
            Previous help-seeking                                                      
            No                        1.00                  \-                  1.00   \-
            Yes                       0.80                  0.08--8.25          1.58   0.36--7.00

Note: \* *p* \< 0.05, \*\* *p* \< 0.01. Model also controls for study wave.
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###### 

Proportion of suicide attempts by comorbidity.

  Comorbidity                          Females   Males
  ------------------------------------ --------- -------
  No comorbidity                       13.5%     29.2%
  Anxiety disorder only                30.8%     20.8%
  Substance use disorder only          5.8%      16.7%
  Anxiety and substance use disorder   50.0%     33.3%
